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Process for the production of aqueous polymer dispersions 
Description 

5 

The present invention relates to a process for the production of 
aqueous polymer dispersions by the reaction of one or more olefi- 
nically unsaturated compounds [olefin(s)] in aqueous medium in 
the presence of 



10 




M a transition metal of groups 7 to 10 of the pe- 

riodic system of the elements, 



L 1 phosphanes (R 16 ) X PH 3 _ X or amines (R 16 ) X NH3_ X having 

identical or different substituents R 16 , ethers 
(R 16 ) 2 0, H 2 0, alcohols (R 16 )0H, pyridine, 
pyridine derivatives of the formula CsH5_ x (R 16 ) X N, 
CO, C1-C12 alkyl nitriles, C6-C14 aryl nitriles 
or ethylenically unsaturated double-bonded sy- 
stems, x standing for an integer between 0 and 
3, 



L 2 halide ions, amide ions (R 16 ) h NH 2 -h/ h standing 

40 for an integer between 0 and 2, and furthermore 

Ci-Ce alkyl anions, allyl anions, benzyl anions 
or aryl anions, 



45 



wherein L 1 and L 2 can be linked to one another by 
means of one or more covalent bonds, 
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25 



Wf 



2 

nitrogen, 



Y oxygen, sulfur, N-R 10 or P-R 10 , 

5 

Ri hydrogen, C1-C12 alkyl groups, C 7 -C 13 aralkyl 

substituents or Ce-Ci 4 aryl groups, 

R 2 , R 3 independently of one another 

10 hydrogen, 

C1-C12 alkyl, wherein the alkyl groups can be 
branched or unbranched, 

C1-C12 alkyl, singly or multiply substituted by 
identical or different C1-C12 alkyl groups, 
15 halogens, C1-C12 alkoxy groups or C1-C12 thio- 

ether groups, 
C7-C13 aralkyl, 
C3-C12 cycloalkyl, 

C3-C12 cycloalkyl, singly or multiply substituted 
by identical or different C1-C12 alkyl groups, 
halogens, C3-C12 alkoxy groups or C1-C12 thio- 
ether groups, 
C6-C14 aryl, 

C6-C14 aryl, identically or differently substitu- 
ted by one or more C1-C12 alkyl groups, halogens, 
singly or multiply halogenated C1-C12 alkyl 
groups, C1-C12 alkoxy groups, silyloxy groups 
OSiR 11 R 12 R 13 , amino groups NR 14 R 15 or C1-C12 thio- 
ether groups, 
30 C1-C12 alkoxy groups, 

silyloxy groups OSiR 11 R 12 R 13 , 

halogens or 

amino groups NR 14 R 15 , 

wherein the substituents R 2 and R 3 can form a 
35 saturated or unsaturated 5- to 8-membered ring 

with one another, 



R 4 to R 7 independently of one another 

hydrogen, 

40 C1-C12 alkyl, wherein the alkyl groups can be 

branched or unbranched, 

C1-C12 alkyl, singly or multiply substituted by 
identical or different C1-C12 alkyl groups, 
halogens, C1-C12 alkoxy groups or C1-C3.2 thio- 
45 ether groups, 

C7-C13 aralkyl, 
C3-C12 cycloalkyl , 
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C3-C12 cycloalkyl, singly or multiply substituted 
by identical or different C1-C12 alkyl groups, 
halogens, C1-C12 alkoxy groups or C1-C12 thio- 
ether groups, 
C6-C14 aryl, 

C6-C14 aryl, identically or differently substitu- 
ted by one or more C1-C12 alkyl groups, halogens, 
singly or multiply halogenated C1-C12 alkyl 
groups, C1-C12 alkoxy groups, silyloxy groups 
OSiR 11 R 12 R 13 , amino groups NR 14 R 15 or C1-C12 thio- 
ether groups, 
c i~Ci2 alkoxy groups, 
silyloxy groups OSiR 1:L R 12 R 13 , 
halogens , 
NO2 groups or 
amino groups NR 14 R 15 , 

wherein pairs of neighboring substituents R 4 to 
R 7 can form a saturated or unsaturated 5- to 
8-membered ring with one another, 

independently of one another 
hydrogen, 

Ci-Cg alkyl groups, 

C7-C13 aralkyl substituents or 

C6-C14 aryl groups, optionally substituted by one 
or more C1-C12 alkyl groups, halogens, singly or 
multiply halogenated C1-C12 alkyl groups, C1-C12 
alkoxy groups, silyloxy groups OSiR l:L R 12 R 13 , 
amino groups NR 14 R 15 or C1-C3.2 thioether groups, 

independently of one another 
hydrogen , 

C1-C20 alkyl groups, which on their part may be 
substituted by 0(Ci-C 6 alkyl) or N(Ci-C 6 alkyl ) 2 
groups, 

C3-C12 cycloalkyl groups, 

C7-C13 aralkyl substituents or C6-C14 aryl 
groups, 

hydrogen, 

C1-C20 alkyl groups, which for their part may be 
substituted by 0(Ci-C 6 alkyl) or N(Ci-C 6 alkyl ) 2 
groups, 

C3~Ci2 cycloalkyl groups, 
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C7-C13 aralkyl substituents or C6-C14 aryl 
groups , 



b) dispersing agents and optionally 



c) organic solvents having low solubility in water, 



d) the metal complexes al) being dissolved in a portion or the 

total quantity of the olefinically unsaturated compounds and/ 
or of the organic solvents c) having low solubility in water 
and 



e) the portion or the total quantity of the olefinically unsatu- 
rated compounds and/or of the organic solvents c) having low 
solubility in water which hold the metal complexes al) in 
solution being present in the aqueous medium as a dispersed 
phase having an average droplet diameter < 1,000 run. 



Aqueous polymer dispersions are used commercially in numerous 
highly diverse applications. Examples which may be mentioned are 
paper applications (coating and surface sizing) , raw materials 
for surface coatings and paints, adhesives raw materials (inclu- 
ding pressure-sensitive adhesives) , textile and leather applica- 
tions, building chemicals, molded foams (mattresses, carpet bak- 
kings) as well as medical and pharmaceutical products, for 
example as binding agents for preparations. A summary may be 
found in D. Distler (editor) "Wassrige Polymerdispersionen 
[Aqueous polymer dispersions]", Wiley-VCH Verlag, 1st edition, 
1999. 



The common processes for the production of aqueous polymer 
dispersions from the olefins: ethene, propene and/or 1-butene 
make use of either free-radical high-pressure polymerization or 
alternatively of the production of secondary dispersions. These 
processes suffer from disadvantages. The free-radical 
polymerization process requires extremely high pressures, they 
are limited on the industrial scale to ethylene and ethylene 
copolymers and the equipment required is very expensive to pro- 
cure and maintain (F. Rodriguez, Principles of Polymer Systems, 
2nd edition, McGraw-Hill, Singapore 1983, page 384). Another 
method consists in that first of all the aforesaid olefins are 
polymerized by any particular process and then a secondary dis- 
persion is prepared, as described by way of example in US-A 
5,574,091. This method is a multistage process and hence very ex- 
pensive . 
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It was, accordingly, desirable to produce aqueous polymer 
dispersions from olefins, such as the olefins ethylene, 
propylene, butylene, etc., available on an industrial scale in 
one process step by polymerization of the olefins in aqueous me- 
5 dium. In addition, polymerization in aqueous medium quite gene- 
rally has the advantage that it is simple to dissipate the heat 
of polymerization due to the nature of the process. Finally, 
polymerization reactions in aqueous systems are quite generally 
of interest simply because water is an inexpensive and environ- 
10 mentally friendly solvent. 

The following state of the art forms the starting point for the 
metal-complex catalyzed polymerization of olefins. 

15 Olefins can be polymerized using electrophilic transition metal 
compounds such as TiCl4 ( Ziegler-Natta catalyst) or metallocenes 
as described by way of example by H.-H. Brintzinger et al . in 
Angew. Chem. 1995, 107, pages 1255 et seq. and Angew. Chem. , Int. 
Ed. Engl. 1995, 34, pages 1143 et seq. However, both TiCl4 and 

20 metallocene are sensitive to moisture and are, therefore, not 
very suitable for the polymerization of olefins in aqueous me- 
dium. The aluminum alkyls employed as cocatalysts are also sensi- 
tive to moisture so that water as an anticatalyst must be care- 
fully excluded. 



There are just a few reports on transition-metal catalyzed 
reactions of olefins, such as ethylene for example, in aqueous 
conditions. Thus, L. Wang et al . in J". Am. Chem. Soc. 1993, 115, 
pages 6999 et seq. report on a rhodium-catalyzed polymerization. 
30 With about one insertion/hour, however, the activity is much too 
low for industrial applications. 

The reaction of ethylene with nickel P,0-chelate complexes as 
described in the US specifications US-A 3,635,937, US-A 
35 3,637,636, US-A 3,661,803 and US-A 3,686,159 appears distinctly 
promising. It is disadvantageous that the reported activities are 
too low. 

EP-A 46331 and EP-A 46328 report on the reaction of ethylene with 
40 Ni chelate complexes of the general formula A, R being identical 
or different organic substituents of which one carries a sulfonyl 
group and F stands for phosphorus, arsenic or nitrogen. 



25 



45 




Under the selected reaction conditions in solvents such as metha- 
nol or mixtures of methanol and a hydrocarbon only oligomers were 
obtained which are unsuitable for the applications referred to 
above. The advantage of sulfonated derivatives by comparison with 
unsulfonated compounds, as described by W. Keim et al . in Angew. 
Chem. 1978, 90, pages 493 et seq. ; Angew. Chem., Int. Ed. Engl. 
1978, 6, pages 466 et seq.,. lies in their higher activity. 

US-A 4,698,403 (column 7, lines 13-18) and US-A 4,716,205 (column 
6, lines 59-64) disclose that an excess of water acts as a 
catalyst poison to bidentate Ni chelate complexes even when they 
are carrying a S03~ group. 

From the documents cited above it is evident that numerous Ni 
complexes are not active in polymerization in the presence of 
water . 

On the other hand WO 97/17380 discloses that palladium compounds 
of formula B 




B 



Et = C 2 H 5 , Ph = Phenyl 

in which R x stands for isopropyl groups for example, or the ana- 
logous nickel compounds of higher olefins such as 1-octene can 
polymerize in an aqueous environment. Optionally, an emulsifier 
can be added in order to facilitate polymerization. It is, howe- 
ver, pointed out that the temperature should not exceed 40 °C as 
otherwise the catalyst is deactivated (page 25, lines 5 et seq.). 
However, higher reaction temperatures are generally desirable be- 
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cause as a result the activity of a catalyst system can be in- 
creased. 

Furthermore, it is disadvantageous in catalyst systems of the ge- 
5 neral formula B that with ethylene they usually give rise to 
highly branched polymers (L.K. Johnson J. Am. Chem. Soc . 1995, 
117, pages 6414 et seq. ; C. Killian, J. Am. Chem. Soc. 1996, 118, 
pages 11664 et seq.) which to date are of lesser industrial im- 
portance, and with higher a-olefins (L.T. Nelson Polymer 
10 Preprints 1997, 38, pages 133 et seq.) what is known as "chain 
running" of the active complexes is observed. Chain running re- 
sults in a large number of faulty 1 , co-insertions and due to this 
amorphous polymers are usually produced which are not very suita- 
ble as working materials. 



15 



WO 98/42665 further discloses that complexes of the general for- 
mula C, 



20 




25 

with M = Ni or Pd and n neutral ligands L, are active in 
polymerization in the presence of small quantities of water wi- 
thout suffering any losses in catalytic activity (page 16, line 
13) . These quantities of water, however, must not exceed 100 
30 equivalents with reference to the complex (page 16, lines 30 and 
31). Under these conditions, however, polymerization cannot be 
carried out in aqueous medium. 



Furthermore, WO 98/42664 discloses that complexes of the general 
35 formula D, 

Ph. yPPh 3 



40 




Ph = Phenyl 



45 
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having identical or different substituents R, should also be able 
to polymerize ethylene in the presence of small quantities of 
water (see page 17, lines 14 et seq. ) . These quantities of water, 
however, should not exceed 100 equivalents with reference to the 
5 complex (page 17, lines 33 to 35). Under these conditions, howe- 
ver, polymerization in aqueous medium is not conceivable. 

FR-A 2784110 discloses a method for the polymerization of olefins 
in the presence of water which makes use of catalysts possessing 

10 a structural element E-M-X. Here E should be an oxygen or sulfur 
atom, M nickel, palladium or platinum and X a phosphorus, arsenic 
or antimony atom. Water-soluble as well as water-insoluble metal 
complexes are employed for the polymerization reaction, both fil- 
terable polymers and polymers in the form of a stable dispersion 

15 being obtained. The polymers obtained in the examples exhibited 
number average molecular weights (M n ) of approx. 850 to 3,400 g/ 
mol for a very wide spread of molecular weights. 

WO 01/44325 discloses a process for the production of ethylene 
20 homopolymers and copolymers in an aqueous medium. The disclosed 
catalyst systems are water-soluble due to hydrophilic groups in 
the ligands of the complex. Depending on the catalyst used and on 
the mass fraction of organic solvent both filterable polymers as 
well as polymers in the form of a stable dispersion were obtai- 



Accordingly, the task was to provide a process for the production 
of aqueous polymer dispersions by the polymerization of olefins 
in aqueous medium in the presence of transition-metal complex 

30 catalysts which possess a structural element Y-M-E, E standing 
for nitrogen, M for a transition metal of groups 7 to 10 of the 
periodic system of the elements and Y for oxygen, sulfur as well 
as nitrogen-containing or phosphorus-containing groups, and which 
have no hydrophilic groups in their ligand system. The task furt- 

35 hermore consisted in providing aqueous polymer dispersions whose 
olefin polymers exhibit high molecular weights while simulta- 
neously having a narrow distribution of molecular weights. 

Surprisingly, it was now found that aqueous olefin polymer 
40 dispersions whose polymers exhibit high molecular weights while 
simultaneously having a narrow distribution of molecular weights 
are obtained by the process described at the outset. 

Olefins which may be identified as suitable for the process ac- 
45 cording to the invention for the production of homopolymers are: 
ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 
1-octene, 1-decene and 1-icosene, and also branched olefins such 
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as 4-methyl-l-pentene, vinylcyclohexene and vinylcyclohexane to- 
gether with styrene, para-methyl styrene and para-vinylpyridine, 
ethylene and propylene being preferred. Ethylene is particularly 
preferred. 

The copolymerization of two or more olefins also succeeds by the 
process according to the invention, wherein the coolefins used 
can be selected from the following groups: 

* nonpolar 1-olefins, such as for example ethylene, propylene, 
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene 
and 1-icosene, and also branched olefins such as for example 
4-methyl-l-pentene, vinylcyclohexene and vinylcyclohexane to- 
gether with styrene, para-methyl styrene and para-vinylpyri- 
dine, ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
1-heptene, 1-octene and 1-decene being preferred; 

* olefins which contain polar groups, such as by way of example 
acrylic acid, Ci-Cs alkyl acrylates, 2 -hydroxy ethyl acrylate, 
3 -hydr oxypr opyl acrylate, 4-hydroxybutyl acrylate, meth- 
acrylic acid, Ci-Cs alkyl methacrylates , Ci-Cg alkyl vinyl 
ethers and vinyl acetate, and also 10-undecenoic acid, 3-bu- 
tenoic acid, 4-pentenoic acid, 5-hexenoic acid together with 
styrene-4-sulf onic acid. Acrylic acid, methyl acrylate, ethyl 
acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, 2 -hydroxy - 
ethyl acrylate, methyl methacrylate, ethyl methacrylate, n- 
butyl methacrylate, ethyl vinyl ether, vinyl acetate, 10-un- 
decenoic acid, 3-butenoic acid, 4-pentenoic acid and 5-hexe- 
noic acid are preferred. 

The proportion of coolefins in the olefin mixture to be polymeri- 
zed is freely selectable and is usually < 50 wt . % , frequently < 
40 wt.% and often < 30 wt . % or < 20 wt . % . If in particular ole- 
fins containing polar groups are employed for copolymerization 
their proportion in the olefin mixture to be polymerized is as a 
rule > 0.1 wt.%, > 0.2 wt.% or > 0.5 wt.%, and < 2 wt.%, < 5 wt.% 
or < 10 wt.%. 

By preference exclusively ethylene is employed. If at least two 
olefins are used for polymerization these are frequently selected 
from the group comprising ethylene, propylene, 1-butene, 1-hexene 
and styrene. Ethylene is frequently employed in combination with 
propylene, 1-butene, 1-hexene or styrene. 



In the complex compounds of the general formula la and lb the 
substituents are defined as follows: 
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M is a transition metal of groups 7 to 10 of. the periodic sy- 
stem of the elements, preferably manganese, iron, cobalt, 
nickel or palladium and by particular preference nickel, 

5 L 1 is selected from phosphanes of the formula (R 16 ) X PH 3 _ X or 

amines of the formula (R 16 ) X NH 3 _ X , x standing for an integer 
between 0 and 3. Ethers (R 16 ) 2 0 such as diethyl ether or 
tetrahydrofuran, H 2 0, alcohols (R 16 )0H such as methanol or 
ethanol, pyridine, pyridine derivatives of the formula 

10 C 5 H 5 _ X (R 16 ) X N, such as by way of example 2-picoline, 3-pico- 

line, 4-picoline, 2 , 3-lutidine, 2 , 4-lutidine, 2 , 5-lutidine , 
2,6-lutidine or 3 , 5-lutidine , CO, C1-C12 alkyl nitriles or 
C 6 -Ci 4 ary i nitriles, such as acetonitrile , propioni trile , bu- 
tyronitrile or benzonitrile are also suitable. Furthermore, 

15 singly or multiply ethylenically unsaturated double-bonded 

systems such as ethenyl, propenyl, cis-2-butenyl , 
trans-2-butenyl, cyclohexenyl or norbornenyl can also serve 
as ligand. 

20 L 2 is selected from halide ions such as fluoride, chloride, 

bromide or iodide, preferably chloride or bromide, amide ions 
(R 16 ) h NH 2 _ h ,A, h being an integer between 0 and 2, Ci-C 6 alkyl 
anions such as CH 3 -(Me"), (C 2 H 5 )-, (C3H7)-, (n-C 4 H 9 )-, 
(tert-C 4 H 9 )- or (C 6 H 13 )-, allyl anions or methallyl anions, 

25 benzyl anions or aryl anions such as (C6H5)". 

In a particular embodiment L 1 and L 2 are linked to one another by 
one or more covalent bonds. Examples of such ligands are 
1,5-cyclooctadienyl ("COD") ligands, 1 , 6-cyclodecenyl ligands or 
30 1, 5, 9-all-trans-cyclododecatrienyl ligands. 

In a further particular embodiment L 1 is tetramethyl ethylene 
diamine, only one nitrogen being coordinated to the metal. 

35 E stands exclusively for nitrogen. 

Y stands for oxygen, sulfur, N-R" or P-Rio, oxygen and sulfur 
being preferred. 

40 R 1 is chosen from 

hydrogen 

Ci-Ci 2 alkyl, such as by way of example ethyl, n-propyl, iso- 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl , 
45 isopentyl, sec-pentyl, neopentyl , 1 , 2-dimethylpropyl , isoa- 

myl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, n-oc« 
tyl, n-nonyl, n-decyl and n-dodecyl; preferably Ci-C 6 alkyl 
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such as methyl, ethyl, n-propyl, isopropyl, n-butyl, iso- 
butyl, sec-butyl, tert-butyl, n-pentyl , isopentyl, sec-pen- 
tyl, neopentyl, 1 , 2-dimethylpropyl , isoamyl, n-hexyl, iso- 
hexyl, sec-hexyl, by particular preference C1-C4 alkyl such as 
5 methyl, ethyl, n-propyl , isopropyl, n-butyl , isobutyl, sec- 

butyl and tert-butyl, 

C7-C13 aralkyl, such as by way of example benzyl, 1-phenethyl, 
2-phenethyl , 1-phenylpropyl , 2-phenylpropyl , 3-phenylpropyl , 
neophyl ( 1 -methyl- 1-phenylethyl ) , 1 -phenyl bu tyl , 2 -phenyl - 
10 butyl, 3-phenylbutyl and 4-phenylbutyl , by particular prefe- 

rence benzyl, 

C6-C14 aryl, such as by way of example phenyl, 1-naphthyl, 
2-naphthyl, 1-anthryl, 2-anthryl, 9-anthryl, 1-phenanthryl , 
2-phenanthryl , 3-phenanthryl , 4-phenanthryl and 9-phenant- 
15 hryl, preferably phenyl, 1-naphthyl and 2-naphthyl, and by 

particular preference phenyl. 

R 2 and R 3 independently of one another stand for: 

20 - hydrogen, 

C1-C12 alkyl as defined above, 

C1-C12 alkyl, singly or multiply substituted by identical or 
different C1-C12 alkyl groups, halogens, such as fluorine, 
chlorine, bromine and iodine, preferably chlorine and bromine 
25 and C1-C12 alkoxy groups or C1-C12 thioether groups, the alkyl 

groups of these two groups being as defined above, 
C7-C13 aralkyl, as defined above, 

C3-C12 cycloalkyl, such as by way of example cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
30 cyclononyl, cyclodecyl, cycloundecyl and cyclododecyl , prefe- 

rably cyclopentyl, cyclohexyl and cycloheptyl, 

C3-C12 cycloalkyl, singly or multiply substituted by identical 
or different C1-C12 alkyl groups, halogens, C1-C12 alkoxy 
groups or C3.-C12 thioether groups, such as by way of example 

35 2 -me thy Icy clop en tyl, 3-methylcyclopentyl , cis-2 , 4-dimethyl- 

cyclopentyl , trans-2 , 4-dimethylcyclopentyl , 2,2,4, 4-tetrame- 
thyl cyclopentyl , 2-methylcyclohexyl , 3 -methyl cyclohexyl , 
4 -methyl cyclohexyl , cis-2 , 5 -dimethyl cyclohexyl , 
trans-2 , 5-dimethylcyclohexyl , 2,2,5, 5-tetramethylcyclohexyl , 

40 2-methoxycyclopentyl , 2 -me thoxy cyclohexyl , 3-methoxycyclopen- 

tyl , 3-methoxycyclohexyl , 2-chlorcyclopentyl , 3-chlorcyclo- 
pentyl , 2 , 4-dichlorcyclopentyl , 2,2,4, 4-tetrachlorocyclopen- 
tyl , 2-chlorocyclohexyl , 3-chlorocyclohexyl , 4-chlorocyclohe- 
xyl , 2 , 5-dichlorocyclohexyl , 2,2,5, 5-tetrachlorocyclohexyl , 

45 2-thiomethylcyclopentyl , 2 - thiome thy 1 cyclohexyl , 3-thiome- 

thyl-cyclopentyl , 3 -thiomethyl cyclohexyl and other derivati- 
ves , 
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C6-C14 aryl, as defined above 

C6-C14 aryl, such as by way of example phenyl, 1-naphthyl, 
2-naphthyl, 1-anthryl, 2-anthryl, 9-anthryl, 1-phenanthryl , 
2-phenanthryl , 3-phenanthryl , 4-phenanthryl and 9-phenant- 
5 hryl, substituted on their part by one or more 

* C3.-C12 alkyl groups, as defined above, 

* halogens, as defined above, 

* singly or multiply halogenated C1-C12 alkyl groups, such 
10 as f luoromethyl , dif luoromethyl , trif luoromethyl , chloro- 

methyl, dichloromethyl , trichloromethyl , bromomethyl, di- 
bromomethyl , tribromomethyl , pentaf luoroethyl , perf luoro- 
propyl and perf luorobutyl , preferably f luoromethyl , di- 
f luoromethyl , trif luoromethyl and perf luorobutyl , 
15 * C1-C12 alkoxy groups, preferably Ci~C 6 alkoxy groups, such 

as by way of example methoxy, ethoxy, n-propoxy, isoprop- 
M oxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pen- 

toxy, isopentoxy, n-hexoxy and isohexoxy, by particular 
preference methoxy, ethoxy, n-propoxy and n-butoxy, 
20 * silyloxy groups OSiR 11 R 12 R 13 , R 11 to R 13 independently of 

one another standing for hydrogen, C1-C20 alkyl groups, 
which on their part may be substituted by CXCi-Ce alkyl) 
M or N(Ci-C 6 alkyl) 2 groups, C3-C12 cycloalkyl groups, C7-C13 

* m aralkyl substituents or C 6 -Ci 4 aryl groups, such as by 

? ~" 25 way of example the trimethyl silyloxy, triethylsilyloxy , 

triisopropyl silyloxy, diethylisopropyl silyloxy, dimethyl - 
hexyl silyloxy, tert-butyldimethyl silyloxy, tert-butyldi- 
O phenyl silyloxy, tribenzylsilyloxy , triphenyl silyloxy and 

the tri-para-xylyl silyloxy group; the trimethyl silyloxy 
30 group and the tert-butyldimethylsilyloxy group being par- 

ticularly preferred, 

* amino groups NR 14 R 15 , R 14 und R 15 independently of one an- 
other standing for hydrogen, C1-C20 alkyl groups, which 
on their part may be substituted by 0(Ci-C6 alkyl) or 

35 N(Ci-C 6 alkyl) 2 groups, C3-C12 cycloalkyl groups, C7-C13 

aralkyl substituents or C6-C14 aryl groups, it being also 
possible for R 14 and R 15 to form a saturated or unsatura- 
ted 5- to 8-membered ring, such as by way of example 
dimethylamino, diethylamino, di isopropyl amino , rnethyl- 

40 phenylamino, diphenyl amino , N-piperidyl, N-pyrrolidinyl , 

W-pyrryl, iV-indolyl or N-carbazolyl , or 

* C1-C12 thioether groups as defined above, 



.SS5. 



m 

% 4 



St! 5 



45 
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C1-C12 alkoxy groups as defined above, preferably Ci-Ce alkoxy 
groups, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-bu- 
toxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentoxy, isopen- 
toxy, n-hexoxy and isohexoxy, by particular preference 
methoxy, ethoxy, n-propoxy and n-butoxy, 
silyloxy groups OSiR l:L R 12 R 13 as defined above, 

- halogens as defined above or 

amino groups NR 14 R 15 as defined above, 

wherein the substituents R 2 and R 3 together with the C atoms of 
the parent substance can form a 5- to 8-membered saturated or un- 
saturated aliphatic or aromatic ring such as by way of example 
-(CH 2 )3- { trimethylene) , -(CH 2 ) 4 - (tetramethylene) , -(CH 2 ) 5 - (pen- 
tame thy 1 ene ) , -(CH 2 )e- (hexamethylene) , -CH 2 -CH=CH-, 
-CH 2 -CH=CH-CH 2 - , -CH=CH-CH=CH- , -0-CH 2 -0- , -0-CHMe-O- , 
-CH- (C 6 H 5 ) -0-, -0-CH 2 -CH 2 -0-, -0-CMe 2 -0-, -NMe-CH 2 -CH 2 -NMe- , -NMe- 
CH 2 -NMe- or -0-SiMe 2 -0-. 

R 4 to R 7 independently of one another stand for: 

- hydrogen, 

C1-C12 alkyl as defined above, 

C1-C12 alkyl singly or multiply substituted by identical or 

different halogens, C1-C12 alkoxy groups or C1-C12 thioether 

groups as defined above, 

C7-C13 aralkyl as defined above, 

C3-Ci 2 cycloalkyl as defined above, 

C3~Ci 2 cycloalkyl singly or multiply substituted by identical 
or different C1-C12 alkyl groups, halogens, C1-C12 alkoxy 
groups or C1-C12 thioether groups as defined above, 

- C6-C14 aryl as defined above, 

C6-C14 aryl identically or differently substituted by one or 
more C1-C12 alkyl groups, halogens, singly or multiply 
halogenated C1-C12 alkyl groups, C1-C12 alkoxy groups, silyl- 
oxy groups OSiR i:L R 12 R 13 , amino groups NR 14 R 15 or C1-C12 thio- 
ether groups as defined above, 
C1-C12 alkoxy as defined above, 
silyloxy groups OSiR 11 R 12 R 13 as defined above, 

- halogens as defined above, 
N0 2 groups or 

- amino groups NR 14 R 15 as defined above, 

wherein two neighboring substituents in R 4 to R 7 in each case to- 
gether with the C atoms of the parent substance can form a 5- to 
8-membered saturated or unsaturated aliphatic or aromatic ring as 
defined above. 
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R 8 and R 9 independently of one another stand for: 
hydrogen , 

Ci-Ce alkyl as defined above, 
C7-C13 aralkyl as defined above or 

C6-C14 aryl optionally substituted by one or more C1-C12 alkyl 
groups, halogens, singly or multiply halogenated C1-C12 alkyl 
groups, C1-C12 alkoxy groups, silyloxy groups OSiR i:L R 12 R 13 , 
amino groups NR 14 R 15 or C1-C12 thioether groups as defined 
above in each case. 

R 10 to R 15 independently of one another stand for: 

hydrogen , 

C1-C20 alkyl groups such as methyl, ethyl, n-propyl , iso- 
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
isopentyl, sec-pentyl, neopentyl, 1 , 2-dimethylpropyl , isoa- 
myl, n-hexyl, isohexyl, sec-hexyl, n-octyl , n-nonyl , iso- 
nonyl, n-decyl , isodecyl, n-undecyl , isoundecyl, n-dodecyl, 
isododecyl, n-tetradecyl , n-hexadecyl , n-octadecyl and n-ico- 
syl; by particular preference C1-C4 alkyl such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and 
tert-butyl , 

C1-C20 alkyl groups substituted by 0 (Ci-Cg alkyl) or N(Ci-C6 
alkyl) 2 substituents such as by way of example CH 2 -CH 2 -OCH3 or 

CH2-CH 2 -N(CH 3 ) 2 , 

- C3-C12 cycloalkyl as defined above, 

C7-C13 aralkyl substituents as defined above, 

- Cg-Ci4 aryl groups as defined above, 

wherein two neighboring substituents in R 10 to R 15 in each case 
together with the hetero atom in question can form a saturated or 
unsaturated aliphatic or aromatic 5- to 8-membered ring. 

R 16 are the same or different and stand for: 

- hydrogen , 

C1-C20 alkyl groups as defined above, 

C1-C20 alkyl groups substituted by 0(Ci-Ce alkyl) or N(Ci-Ce 

alkyl) 2 substituents as defined above, 

C3-C12 cycloalkyl as defined above, 

C7-C13 aralkyl substituents as defined above, 

C6-C14 aryl groups as defined above. 

The synthesis of the complexes of the general formula la and lb 
is inherently known. Complexes of formula la are synthesized by 
analogy with the precepts in specifications EP-A 46331, EP-A 
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46328 and EP-A 52929. Complexes of formula lb are synthesized by- 
analogy with the precepts in specifications WO 98/30609 and WO 
98/42664 and in the publication by C. Wang et al . , Organo- 
metallics 1998, 17, pages 3149 et seq. In the nomenclature of the 
5 compounds of the general formula lb the nomenclature according to 
WO 98/42664 is used. 



The complex compounds la and lb may be employed singly or in a 
mixture. If the complexes are employed in a mixture the ratio of 
10 the two complexes to one another can be freely chosen, the molar 
ratio of complex la to lb frequently being < 10 : > 90 , < 2 0 : > 
80, < 30 : > 70, < 40 : > 60, < 50 : > 50, < 60 : > 40, < 70 : > 
30, < 80 : > 20, < 90 : > 10 and all values in between. 

15 Preferably, electrically neutral complex compounds of nickel are 
employed. 

The total quantity of complex compound al) used is generally in 
the range of 10~ 6 to 10 -2 mol/1, frequently 10 -5 to 10 -3 mol/1 and 
20 often 10~ 5 to 10" 4 mol/1, with reference in each case to the total 
quantity made up of water, olefinically unsaturated compounds and 
any organic solvents c) . 

Metal complexes al) which can be employed with particular advan- 
25 tage are those whose ligands are derived from the derivatives of 
salicylaldimine . Particularly preferred are 

[Ni (phenyl) (pyridine) (K 2 N,0 ( 2-O-phenyl ) -CH=N- ( 2 , 6-diiso- 
propyl ) phenyl ] (I la) , 
30 [Ni (phenyl) ( triphenylphosphane) (K 2 N,0 (2-O-phe- 
nyl )~CH=N-( 2, 6-diisopropyl) phenyl] (lib) , 

[Ni (methyl) (acetonitrile) (K 2 N,0 (2-O-phenyl) -CH=N- (2 , 6-diiso- 
propyl ) phenyl ] (lie) , 

[Ni (methyl) (pyridine) (K 2 N,0 ( 2-O-phenyl ) -CH=N- ( 2 , 6-diiso- 
35 propyl ) phenyl ] (lid) , 

[Ni (phenyl) (pyridine) (K 2 N,0 

(2-0- ( 3 , 5 -diiodo) phenyl ) -CH=N- (2 , 6-diisopropyl ) phenyl ] ( Ilia) , 
[Ni (phenyl) (triphenylphosphane) (K 2 N,0 

(2-0- (3, 5-diiodo)'-phenyl)-CH=N-(2, 6-diisopropyl ) phenyl ] (111b) , 
40 [Ni (methyl) (acetonitrile) (K 2 N,0 

(2-0- (3 , 5 -diiodo) phenyl) -CH=N- (2, 6-diisopropyl ) phenyl ] (IIIc) , 
[Ni (phenyl) (pyridine) (K 2 N, 0 

(2-0- (3 , 5-diiodo) phenyl ) -CH=N- (2, 6-diisopropyl ) phenyl ] (Hid) , 
[Ni (phenyl) (pyridine) (K 2 N,0 ( 2-O-phenyl ) -C ( tr if luoro- 
45 methyl) =N- (2 , 6-diisopropyl) phenyl] (IVa) , 

[Ni (phenyl) (triphenylphosphane) (K 2 N,0 ( 2-O-phenyl ) -C ( tr if luoro- 
methyl) =N- (2, 6-diisopropyl ) phenyl] (IVb) , 
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[Ni (methyl) (acetoni trile ) (K 2 N,0 ( 2-0-phenyl ) -C ( trif luoro- 
methyl) =N- (2 , 6-diisopropyl ) phenyl] (IVc) , 

[Ni (methyl) (pyridine) (K 2 N,0 ( 2-0-phenyl ) -C ( trif luoro- 
methyl) =N- (2 , 6-diisopropyl) phenyl] (IVd) . 

In a preferred process the aforesaid metal complexes al) are used 
in combination with an activator a2 ) . According to common concep- 
tion the activator a2) abstracts the ligand L 1 from the metal com- 
plexes al) . The activators a2 ) can in particular be olefin com- 
plexes of rhodium or nickel . 

Preferred, commercially available activators a2) are nickel- (ole- 
fin) y complexes such as Ni(C2H 4 )3 / Ni ( 1 , 5-cyclooctadiene ) 2 
"Ni(C0D) 2 ", Ni (1, 6-cyclodecadiene) 2 or Ni ( 1 , 5 , 9-all - trans-cyclodo- 
decatriene) 2 . Ni(C0D) 2 is particularly preferred. 

Mixed ethylene/1 , 3-dicarbonyl complexes of rhodium, such as by 
way of example rhodium acetylacetonato-ethylene Rh 
(acac) (CH 2 =CH 2 ) 2 , rhodium benzoylacetonato-ethylene Rh (C 6 H 5 -CO-CH- 
CO-CH3) (CH 2 =CH 2 ) 2 or Rh(C 6 H 5 -CO-CH-CO-C 6 H 5 ) (CH 2 =CH 2 ) 2 are also sui- 
table. Rh(acac) (CH2=CH 2 ) 2 is highly suitable. This compound can be 
synthesized by the method of R. Cramer in Inorg . Synth. 1974, 15, 
pages 14 et seq. 

The molar ratio of activator a2 ) to metal complex al) is usually 
in the range of 0.1 to 10, frequently 0.2 to 5 and often 0.5 to 
2. 

The dispersing agents b) used in the method according to the in- 
vention may be emulsifiers or protective colloids. 

Suitable protective colloids are by way of example poly (vinyl al- 
cohols) , polyalkylene glycols, alkali metal salts of polyacrylic 
acids and polymethacrylic acids, gelatin derivatives or 
copolymers containing acrylic acid, methacrylic acid, maleic 
anhydride, 2-acrylamido-2-methylpropanesulf onic acid and/or 
4-styrenesulf onic acid and their alkali metal salts and also N- 
vinylpyrrolidone, N-vinylcaprolactam, N-vinylcarbazole , 1 -vinyl - 
imidazole , 2-vinylimidazole , 2-vinylpyridine , 4-vinylpyridine , 
acrylamide, me thacryl amide , and acrylates, methacrylates , acryla- 
mides bearing amine groups and/or homopolymers and copolymers 
containing me thacryl ami de s . An extensive description of further 
suitable protective colloids is presented in Houben-Weyl , Metho- 
den der organischen Chemie [Methods of organic chemistry] , Volume 
XIV/ 1, Makromolekulare Stoffe [Macromolecular substances], Georg- 
Thieme-Verlag, Stuttgart, 1961, pages 411 to 420. 
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Of course mixtures of protective colloids and/or emulsif iers may 
also be employed. Frequently emulsif iers, whose relative molecu- 
lar weights in contrast with the protective colloids are usually 
less than 1,000, are used exclusively as dispersing agents. They 
can be anionic, cationic or nonionic in nature. Of course when 
mixtures of surface-active substances are used the individual 
components must be compatible with one another, it being possible 
to check this in case of doubt on the basis of a few preliminary 
tests. In general, anionic emulsif iers are compatible with one 
another and with nonionic emulsif iers. The same also applies to 
cationic emulsif iers, while anionic and cationic emulsif iers are 
mostly not compatible with one another. An overview of suitable 
emulsif iers may be found in Houben-Weyl , Methoden der organischen 
Chemie, Volume XIV/ 1, Makromolekulare Stoffe, Georg-Thieme-Ver- 
lag, Stuttgart, 1961, pages 192 to 208. 

According to the invention anionic, cationic and/or nonionic 
emulsif iers in particular are used as dispersing agents b) , and 
preferably anionic and/or nonionic emulsif iers. 

Commonly used nonionic emulsifiers are, for example, ethoxylated 
mono-, di- and tri-alkylphenols (degree of ethoxylation : 3 to 50, 
alkyl substituent: C4 to C12) and ethoxylated fatty alcohols (de- 
gree of ethoxylation: 3 to 80; alkyl substituent: Cs to C36) . Ex- 
amples of these are the Lutensol® A grades (C12C14 fatty alcohol 
ethoxylates, degree of ethoxylation: 3 to 30), Lutensol® AO gra- 
des (C13C15 oxoalcohol ethoxylates, degree of ethoxylation: 3 to 
30) , Lutensol® AT grades (CieCis fatty alcohol ethoxylates, degree 
of ethoxylation: 11 to 80) , Lutensol® ON grades (C10 oxoalcohol 
ethoxylates, degree of ethoxylation: 3 to 11) and the Lutensol 
TO grades (C13 oxoalcohol ethoxylates, degree of ethoxylation: 3 
to 20) from BASF AG. 

Customary anionic emulsifiers are, for example, alkali metal and 
ammonium salts of alkyl sulfates (alkyl substituent: Cs to C12) , 
of sulfate semiesters of ethoxylated alkanols (degree of ethoxy- 
lation: 4 to 30, alkyl substituent: C12 to Cis) and ethoxylated 
alkylphenols (degree of ethoxylation: 3 to 50, alkyl substituent: 
C 4 to C12) / of alkylsulf onic acids (alkyl substituent: C12 to Cx$) 
and of alkylarylsulf onic acids (alkyl substituent: C9 to Cis) . 

Furthermore, compounds which have proved useful as additional 
anionic emulsifiers have the general formula V 
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10 in which R 17 and R 18 stand for H atoms or C 4 to C 2 4 alkyl groups 
but not H atoms simultaneously, and D 1 and D 2 can be alkali metal 
ions and/or ammonium ions. In the general formula V R 17 and R 18 
preferably stand for linear or branched alkyl substituents having 
6 to 18 C atoms, in particular having 6, 12 and 16 C atoms or hy- 

15 drogen, R 17 and R 18 not both being H atoms at the same time. D 1 
and D 2 are preferably sodium, potassium or ammonium, sodium being 
particularly preferred. Particularly advantageous are compounds V 
in which D 1 and D 2 are sodium, R 17 is a branched alkyl substituent 
having 12 C atoms and R 18 is a H atom or R 17 . Frequently 

20 industrial mixtures are used which have a proportion of 50 to 90 
wt.% of the monoalkylated product such as by way of example 
Dowfax® 2A1 (brand name of the Dow Chemical Company) . The 
compounds V are generally known, for example from US-A 4,269,749, 
and are commercially available. 



Suitable cationic emulsifiers are primary, secondary, tertiary or 
quaternary ammonium salts, a Ikanol ammonium salts, pyridinium 
salts, imidazolinium salts, oxazolinium salts, morpholinium 
salts, thiazolinium salts and salts of amine oxides, quinolinium 

30 salts, isoquinolinium salts, tropylium salts, sulfonium salts and 
phosphonium salts exhibiting as a rule a Cs to Cis alkyl, alkyl - 
aryl or heterocyclic substituent. Examples which may be mentioned 
are do decyl ammonium acetate or the corresponding sulfate, the 
sulfates or acetates of the different 2- (N, N, N-trimethylammo- 

35 nium) ethylparaf f inic acid esters, N-cetylpyridinium sulfate, 
N-laurylpyridinium sulfate and N-cetyl-N, N, N-trimethyl ammonium 
sulfate, N-dodecyl-N,N,N-trimethylammonium sulfate, N-oc- 
tyl-N,N,N-trimethlyammonium sulfate, N, N-distearyl-N, N-dimethy- 
lammonium sulfate together with the twin surfactant N, N' - ( lauryl- 

40 dimethyl) ethyl enediamine disulfate, ethoxylated tallow fat alkyl 
N-methylammonium sulfate and ethoxylated oleylamine (for example 
Uniperol® AC from BASF AG with approx. 12 ethylene oxide units) . 
Numerous other examples may be found in H. Stache, Tensid-Ta- 
schenbuch [Surfactants handbook] , Carl-Hanser-Verlag, Munich, 

45 Vienna, 1981 and in McCutcheon's Emulsifiers & Detergents, MC 
Publishing Company, Glen Rock, 1989. The key point is that the 
anionic balancing groups have the lowest possible nucleophilic 
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activity such as by way of example perchlorate, sulfate, 
phosphate, nitrate and carboxylates such as acetate, trifluoroa- 
cetate, trichloroacetate , propionate, oxalate, citrate and 
benzoate, together with conjugated anions of organosulf onic acids 
5 such as for example methylsulf onate, trif luoromethylsulf onate and 
para-toluenesulf onate and also tetraf luoroborate , tetraphenyl- 
borate, tetrakis (pentaf luorophenyl ) borate, tetrakis [bis (3 , 5-tri- 
f luoromethyl ) phenyl ] borate , hexaf luorophosphate , hexaf luoroarse- 
nate or hexaf luoroantimonate . 



The emulsifiers preferably employed as dispersing agents b) are 
advantageously used in a total quantity of 0.005 to 10 parts by 
weight, preferably 0.01 to 7 parts by weight, in particular 0.1 
to 5 parts by weight with reference in each case to 100 parts by 
15 weight of water. Depending on the polymerization system it is 

also possible to select -the quantity of emulsifiers in such a way 
that their critical micelle formation concentration in water is 
not exceeded. 

20 The total quantity of protective colloids employed additionally 
or alternatively as dispersing agents b) often amounts to 0.1 to 
10 parts by weight and frequently 0.2 to 7 parts by weight with 
reference in each case to 100 parts by weight of water. 

25 According to the invention organic solvents c) having low solubi- 
lity in water can also optionally be used. Suitable solvents c) 
are liquid aliphatic and aromatic hydrocarbons containing 5 to 30 
C atoms, such as by way of example n-pentane and isomers, cyclo- 
pentane, n-hexane and isomers, cyclohexane, n-heptane and iso- 

30 mers, n-octane and isomers, n-nonane and isomers, n-decane and 
isomers, n-dodecane and isomers, n-tetradecane and isomers, n-he- 
xadecane and isomers, n-octadecane and isomers, icosane, benzene, 
toluene, ethylbenzene, cumene, o-, m- or p-xylene, mesitylene and 
mixtures of hydrocarbons in general boiling in the range of 3 0 to 

35 250 °C. It is also possible to use hydroxy compounds such as satu- 
rated and unsaturated fatty alcohols having 10 to 28 C atoms, for 
example n-dodecanol , n-tetradecanol , n-hexadecanol and their iso- 
mers or cetyl alcohol, esters, such as by way of example fatty 
acid esters having 10 to 2 8 C atoms in the acid moiety and 1 to 

40 10 C atoms in the alcohol moiety or esters of carboxylic acids 
and fatty alcohols having 1 to 10 C atoms in the carboxylic acid 
moiety and 10 to 28 C atoms in the alcohol moiety. It is of 
course also possible to employ mixtures of the aforesaid sol- 
vents . 
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compounds and/or of the organic solvents c) having low solubility 
in water. 

The average size of the droplets in the disperse phase of the 
5 aqueous oil-in-water emulsions to be used according to the inven- 
tion can be determined by the principle of quasielastic dynamic 
light scattering (referred to as the z-average droplet diameter d z 
of the unimodal analysis of the autocorrelation function) using, 
for example, a Coulter N4 Plus Particle Analyser from Coulter 

10 Scientific Instruments. The measurements are carried out at 25 °C 
and atmospheric pressure on dilute aqueous miniemulsions whose 
nonaqueous constituents content is 0.01 wt . % . Dilution in this 
case is done by means of water which had previously been satura- 
ted with the olefinically unsaturated compounds and/or the 

15 organic solvents c) having low solubility in water present in the 
aqueous emulsion. The latter measure is intended to prevent dilu- 
tion being accompanied by a change in droplet diameter. 

According to the invention the values for d z determined for the 
20 so-called miniemulsions are normally < 700 nm and frequently < 500 
nm. According to the invention the d z range of 100 nm to 400 nm or 
of 100 nm to 300 nm is advantageous. In the normal case, d 2 for 
the aqueous miniemulsions to be employed according to the inven- 
tion is > 40 nm. 



The general preparation of aqueous miniemulsions from aqueous ma- 
croemulsions is known to the person skilled in the art (cf . P.L. 
Tang, E.D. Sudol, C.A. Silebland M.S. El-Aasser in Journal of 
Applied Polymer Science, Vol. 43, pages 1059 to 1066 [1991]). 

High-pressure homogenizers , for example, can be used for this 
purpose. The fine division of the components in these machines is 
achieved by high local energy input. In this respect two variants 
have proved to be particularly effective. 



In the first variant the aqueous macroemulsion is compressed to 
over 1,000 bar by a piston pump and then decompressed through a 
narrow gap. The effect here is based on the interplay of high 
shear and pressure gradients and cavitation in the gap. An 
40 example of a high-pressure homogenizer which operates in accor- 
dance with this principle is the Niro-Soavi high-pressure homoge- 
nizer, model NS1001L Panda. 

In the second variant the compressed aqueous macroemulsion is de- 
45 compressed into a mixing chamber via two nozzles directed against 
one another. The fine division effect here is primarily dependent 
on the hydrodynamic conditions in the mixing chamber. An example 
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of this type of homogenizer is the model M 120 E microf luidizer 
from the Microf luidics Corp. In this high-pressure homogenizer 
the aqueous macroemulsion is compressed to pressures of up to 
1,200 bar by means of a pneumatically operated piston pump and 
5 decompressed via what is known as an "interaction chamber". In 
the interaction chamber the jet of emulsion is split in a micro- 
channel system into two jets which are conveyed towards one an- 
other at an angle of 180°. A further example of a homogenizer ope- 
rating by this type of homogenization is the Nanojet Expo model 
10 from Nanojet Engineering GmbH. However, in the Nanojet instead of 
a fixed channel system two homogenizing valves are installed 
which can be mechanically adjusted. 

Apart from the principles explained above homogenization can also 

15 be carried out by the application of ultrasound for example (e.g. 
Branson Sonifier II 450) . The fine division is based in this case 
on cavitation mechanisms. The devices described in GB-A 22 50 930 
and US-A 5,108,654 are also suitable in principle for homogeniza- 
tion by means of ultrasound. In these cases the quality of the 

20 aqueous miniemulsion produced in the sound field depends not only 
on the sonic power introduced but also on other factors such as 
the intensity distribution of the ultrasound in the mixing cham- 
ber, the residence time, the temperature and the physical 
properties of the substances to be emulsified, for example their 

25 viscosity, surface tension and vapor pressure. At the same time 
the resultant droplet size depends, inter alia, on the concentra- 
tion of the emulsifier and on the energy introduced during homo- 
genization and can, therefore, be selectively adjusted for 
example by an appropriate change in homogenization pressure or 

30 the corresponding ultrasound energy. 

The device described in the earlier German patent application DE 
197 56 874 has proved to be particularly effective for the pro- 
duction of the aqueous miniemulsions used according to the inven- 

35 tion from conventional macroemulsions by means of ultrasound. 
This is a device which possesses a reaction chamber or a flow 
reaction channel and at least one means for transmitting ultraso- 
nic waves onto the reaction chamber or flow reaction channel, the 
means for transmitting ultrasonic waves being designed in such a 

40 way that the entire reaction chamber or a partial section of the 
flow reaction channel can be uniformly irradiated with ultrasonic 
waves. For this purpose the radiation emitting surface of the 
means for transmitting ultrasonic waves is formed in such a way 
that it substantially coincides with the surface of the reaction 

45 chamber or, when the reaction chamber is a partial section of a 
flow reaction channel, extends substantially over the entire 
width of the channel, and that the depth of the reaction chamber 
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substantially perpendicular to the emitting surface is less than 
the maximum depth of action of the ultrasound transmission means. 

The "depth of the reaction chamber" is to be understood here as 
5 substantially the distance between the emitting surface of the 
ultrasound transmission means and the bottom of the reaction 
chamber . 

Reaction chambers are preferably up to 100 mm in depth. Advanta- 
10 geously the depth of the reaction chamber should not be more than 
70 mm and particularly advantageously not more than 50 mm. In 
principle the reaction chambers can also have a very small depth 
but in order to reduce the risk of blockage as much as possible 
and to facilitate cleaning as well as throughput of product, 
15 reaction chamber depths are preferred which are substantially 

greater, for example, than the usual gap heights in high-pressure 
homogenizers and are usually over 10 mm. The depth of the 
reaction chamber is advantageously variable, for example by means 
of ultrasound transmission means dipping into the housing to dif- 
20 ferent depths. 

According to a first embodiment of this device the emitting 
surface of the means for the transmission of ultrasound substan- 
tially coincides with the surface of the reaction chamber. This 
25 embodiment serves for the batchwise production of the miniemul- 
sions employed according to the invention. Using this device ul- 
trasound can act on the entire reaction chamber. In the reaction 
chamber due to the axial sound radiation pressure turbulent flow 
is produced which brings about intimate cross mixing. 



According to a second embodiment such a device possesses a flow 
cell. At the same time the housing is constructed in the form of 
a flow reaction channel which has an inflow and an outflow, the 
reaction chamber being a partial section of the flow reaction 

35 channel. The width of the channel is the channel extension exten- 
ding substantially perpendicular to the direction of flow. Here 
the emitting surface covers the entire width of the flow channel 
transverse to the direction of flow. The length of the emitting 
surface perpendicular to this width, that is the length of the 

40 emitting surface in the direction of flow, defines the region of 
action of the ultrasound. According to an advantageous variant of 
this first embodiment the flow reaction channel has a substan- 
tially rectangular cross section. If a likewise rectangular ul- 
trasound transmission means having corresponding dimensions is 

45 built into a side of the rectangle particularly effective and 
uniform acoustic irradiation is ensured. Due to the turbulent 
flow conditions prevailing in the ultrasound field it is also 
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possible, however, to employ a round transmission means, for 
example, without disadvantage. Moreover, instead of a single ul- 
trasound transmission means several separate transmission means 
can be provided which viewed in the direction of flow are connec- 
5 ted one behind the other. At the same time both the emitting 
surfaces as well as the depth of the reaction chamber, that is 
the distance between the emitting surface and the bottom of the 
flow channel, can vary. 
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10 Particularly advantageously, the means for transmitting ultraso- 
nic waves is constructed in the form of a sonotrode whose end fa- 
cing away from the free emitting surface is coupled to an ultra- 
sound transducer. The ultrasonic waves can be generated, for 
example, by exploiting the reverse piezoelectric effect. In do- 

15 ing so high-frequency electric oscillations (usually in the range 
of 10 to 100 kHz and preferably between 20 and 40 kHz) are gene- 



rated with the aid of generators, converted via a piezoelectric 



transducer into mechanical oscillations of the same frequency and 
i"T input into the medium to be acoustically irradiated by the sono- 

!H 20 trode as transmission element. 



By particular preference the sonotrode is constructed as a rod- 
shaped, axially emitting k/2 (or multiples of X/2 ) longitudinal 

s 

l4 oscillator. Such a sonotrode can be fastened by way of example by 

ry 25 means of a flange provided at one of its oscillation nodes in an 
h= opening of the housing. In this way the passage of the sonotrode 

^ into the housing can be made pressure-tight so that the acoustic 

irradiation can also be carried out in the reaction chamber under 
elevated pressure. Preferably the amplitude of oscillation of the 
30 sonotrode is controllable, that is to say the amplitude of oscil- 
lation set at any time is checked on-line and if need be automa- 
tically readjusted. The current amplitude of oscillation can be 
checked, for example, by a piezoelectric transducer fitted on the 
sonotrode or by a strain gauge with downstream evaluation elec- 
35 tronics. 



According to a further advantageous development of such devices 
internal fittings are provided in the reaction chamber to improve 
flow and mixing characteristics. These internal fittings can, for 
40 example, be simple baffle plates or extremely diverse porous bo- 
dies . 



45 



Moreover, the mixing can be further intensified if necessary by 
an additional agitator. Advantageously, the temperature in the 
reaction chainber can be controlled. 
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From the above statements it is clear that according to the in- 
vention only those organic solvents c) or mixtures of solvents 
can be used whose solubility in aqueous medium under reaction 
conditions is low enough in order with the specified quantities 
5 to form solvent droplets < 1,000 nm as a separate phase. Over and 
above this, the solvent power of the solvent droplets formed must 
be high enough to take up the metal complexes al) and any activa- 
tors a2) employed. The same applies also to the olefins when 
these are employed without organic solvents c) as well as for 
10 mixtures of olefins and organic solvents c) . 

An embodiment of the process according to the invention takes 
such a form, for example, that the total quantiti es of the metal 
complex al) and any activators a2 ) optionally added are dissolved 
15 in a partial quantity or the total amount of organic solvents c) 
having poor solubility in water. This organic metal complex 
I s * solution together with a portion or the total amount of the dis- 

persing agent b) is then dispersed in water with formation of a 
macroemulsion . Using one of the aforesaid homogenizing devices 
20 the macroemulsion is converted into a miniemulsion . Into this at 
reaction temperature and with constant stirring are metered in 
Uj the total quantity of olefinically unsaturated compounds together 

optionally with any remaining residual quantities of organic sol- 
vents c) or dispersing agents b) . This process variant is chosen 
fy 25 in particular when the olefins used are gaseous under reaction 
k& conditions as is the case, for example, for ethene, propene, 

""'4 1-butene and/or isobutene. 
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In a further embodiment the total quantity of metal complex al) 

30 and any activators a2) optionally added are dissolved in a por- 
tion or the total quantity of olefinically unsaturated compounds. 
This organic metal complex solution together with a portion or 
the total quantity of the dispersing agents b) is then dispersed 
in water with formation of a macroemulsion. Using one of the afo- 

35 resaid homogenizing devices the macroemulsion is converted into a 
miniemulsion. Into this miniemulsion at reaction temperature and 
with constant stirring are metered in any remaining residual 
quantities of olefinically unsaturated compounds or dispersing 
agents b) as well as optionally the total amount of organic sol- 

40 vents c) having low solubility in water. This process variant is 
used in particular when the olefinically unsaturated compounds 
used are liquid under reaction conditions as is the case, for 
example, for 1-pentene, cyclopentene , 1-hexene, cyclohexene, 
1-octene, 1-decene, 1-dodecene, 1-tetradecene and/or 1-hexade- 

45 cene. 
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Essential to the process is that the metal complexes al) are 
dissolved in at least a partial quantity of the olefinically un- 
saturated compounds and/or of the organic solvents c) having low 
solubility in water and this solution is present in aqueous me- 
dium under reaction conditions as a separate phase having an ave- 
rage droplet size of < 1,000 nm. The residual quantities of ole- 
finically unsaturated compounds and/or of the organic solvents c) 
having low solubility in water optionally remaining may be added 
to the aqueous reaction medium in substance, in solution or toge- 
ther with any remaining residual quantities of dispersing agent 
b) also in the form of an aqueous macroemulsion . If solvents c) 
are used the total quantity of solvents is frequently used to 
dissolve the metal complexes al) and then dispersed in aqueous 
medium. 

It is important that the liquid droplets present as a separate 
phase in the aqueous medium and having a diameter of < 1,000 nm 
can contain yet other components in addition to the aforesaid 
compounds al) , a2 ) and c) and the olefinically unsaturated 
compounds. Other components which come into consideration are, 
for example, formulation aids, antioxidants, light stabilizers 
and also dyestuffs, pigments and/or waxes for imparting water re- 
pellency. If the solubility of the further components in the 
organic phase forming the droplets is greater than in the aqueous 
medium these remain in the droplets during the polymerization 
reaction. Since the droplets composed of olefinically unsaturated 
compounds and/or solvents c) having low solubility in water con- 
tain the metal complexes al) and in the final analysis are the 
loci of polymerization, the particles of polymer formed usually 
contain these additional components in integrally polymerized 
form. 

The actual polymerization usually proceeds at a minimum pressure 
of 1 bar, the rate of polymerization below this pressure being 
too low. A pressure of 2 bar is preferred and a minimum pressure 
of 10 bar is particularly preferred. 

4,000 bar may be identified as the maximum pressure; at higher 
pressures the requirements on the material of the polymerization 
reactor are very high and the process becomes uneconomic. Pressu- 
res < 100 bar are preferred and < 50 bar are particularly prefer- 
red. 

The polymerization temperature can be varied over a wide range. 
The minimum temperature may be identified as 10 °C since at low 
temperatures the rate of polymerization declines. A minimum 
temperature of 20 °C is preferred and one of 30 °C is particularly 



BASF Aktxen 




fieiischaf c 



20010b37 



Q 




0050/53037 OS 



27 



O 



if i 

si ; 
; a U 



• S 

ess? 
i « 



preferred. The maximum useful temperature may be identified as 
350 °C, preferably 150 °C and by particular preference 100 °C. 

The number average particle diameters of the polymer particles in 
5 the dispersions according to the invention are between 10 and 
1,000 run, preferably between 50 and 500 nm and by particular pre- 
ference between 70 and 350 nm (quasielastic light scattering; ISO 
standard 13321) . The distribution of the particle diameters is 
narrow and monomodal as a rule. 



The particle diameters can be determined by customary methods. An 
overview of these methods may be found, for example, in D. Dist- 
ler (editor) " Wafer ige Polymerdispersionen [Aqueous polymer 
dispersions]", Wiley-VCH Verlag, 1 st edition, 1999, chapter 4. 



The weight average molecular weights M w of the polymers obtained 
according to the invention determined by means of gel permeation 
chromatography using poly (methyl methacrylate) as standard lie as 
a rule in the range of 10,000 to 10,000,000, frequently in the 
20 range of 15,000 to 1,000,000 and often in the range of 20,000 to 
1,000,000. The molecular weight distribution D (where D = M w /M n ) 
is usually narrow with D values of < 4, < 3, and also < 2.5 or 
even < 2 . 

25 By selective variation of the olefinically unsaturated compounds 
it is possible according to the invention to produce copolymers 
whose glass transition, temperature or melting point lies in the 
range of -60 to +270 °C. 

30 By the glass transition temperature T g is meant the threshold va- 
lue of the glass transition temperature which the latter approa- 
ches according to G. Kanig (Kolloid-Zeitschrif t & Zeitschrift fur 
Polymere [Colloid journal and Journal for polymers], Vol. 190, 
page 1, equation 1) with increasing molecular weight. The glass 

35 transition temperature is measured by the DSC method (differen- 
tial scanning calorimetry, 20 K/min, midpoint measurement, DIN 
53765) . 

According to Fox (T.G. Fox, Bull. Am. Phys . Soc . 1956 [Ser. II] 
40 1, page 123 and according to Ullmann's Encyclopadie der techni- 
schen Chemie [Encyclopedia of industrial chemistry], Vol. 19, 
page 18, 4 th edition, Verlag Chemie, Weinheim, 1980) a good appro- 
ximation for the glass transition temperature of at most weakly 
cross-linked mixed polymers is given by: 

45 

1/Tg = xVTg 1 + X 2 /Tg 2 + X* / Tg* , 
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where x 1 , x 2 , .... x n are the mass fractions of the monomers 1, 2, 



.... n in degrees Kelvin. The T g values for the homopolymers of 
5 most monomers are known and listed, for example, in Ullmann's 
Encyclopedia of Industrial Chemistry, Bk. 5, Vol. A21, page 169, 
VCH Weinheim, 1992; further sources of glass transition tempera- 
tures of homopolymers are, for example, J. Brandrup, E.H. 
Immergut, Polymer Handbook, 1 st Ed., J. Wiley, New York 1966, 2 nd 
10 Ed. J. Wiley, New York 1975, and 3 rd Ed. J. Wiley, New York 1989. 

The polymer dispersions according to the invention frequently ex- 
hibit minimum film-forming temperatures MFT of < 80 °C, often < 50 
°C or < 30 °C. Since MFTs below 0 °C are no longer measurable, the 
15 lower limit of the MFT can only be given by the T g values. The MFT 
is determined by DIN 53787. 

By means of the process according to the invention aqueous 
copolymer dispersions are obtainable whose solids content is 0.1 
20 to 70 wt.%, frequently 1 to 65 wt.% and often 5 to 60 wt.% and 
all values in between. 

Of course the residual monomers remaining in the aqueous polymer 
system after completion of the main polymerization reaction can 
25 be removed by steam or inert-gas stripping familiar to the person 
skilled in the art, without detrimental change to the polymer 
properties of the polymers present in the aqueous medium. 

The aqueous polymer dispersions obtainable according to the in- 
30 vent ion are frequently stable over several weeks or months and 
during this time exhibit as a rule practically no phase separa- 
tion, settling or coagulate formation whatsoever. 

The aqueous polymer dispersions obtainable according to the in- 
35 vent ion may be used to advantage in numerous applications such as 
by way of example paper applications like paper coating or 
surface sizing, and in surface coatings and paints, building 
chemicals and plastic plasters, adhesives raw materials, sealing 
compounds, molded foams, textile and leather applications, carpet 
40 backings, mattresses or pharmaceutical preparations. 

Paper coating is understood as the coating of the paper surface 
with aqueous pigmented dispersions. In doing this the polymer 
dispersions according to the invention are advantageous owing to 
45 their favorable price. Surface sizing means the pigment-free 
application of substances imparting water repellency. In this 
case specifically the polyolefin dispersions available only with 



.... n and Tg 1 , T g 2 , .... T g n are the glass transition temperatures 
of the polymers each built up of only one of the monomers 1, 2, 
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difficulty to date under economic conditions are advantageous as 
particularly hydrophobic substances. It is, furthermore, advanta- 
geous that during the production of dispersions according to the 
invention for paper coating or surface sizing no molecular weight 
5 controllers, such as tert-dodecyl mercaptans for example, need be 
added which, on the one hand, are difficult to separate and, on 
the other hand, have an unpleasant odor. 

In surface coatings and paints the polymer dispersions available 
10 according to the invention are particularly suitable because they 
are very favorable in price. Aqueous polyethylene dispersions are 
particularly advantageous because they also exhibit particular 
stability to UV. Aqueous polyethylene dispersions are further 
particularly suitable because they are resistant to basic 
15 materials, such as cement for example, which are commonly found 
among building chemicals. 

In adhesives, in particular in adhesives for pressure-sensitive 
labels or films and plasters, and also in building adhesives or 
20 industrial adhesives the dispersions according to the invention 
have economic advantages. They are particularly advantageous es- 
pecially in building adhesives because they are resistant to 
basic materials common among building chemicals. 

25 In molded foams, which are produced from the dispersions accor- 
ding to the invention by inherently known methods such as the 
Dunlop process or the Talalay process, the favorable price of the 
dispersions according to the invention is once again advanta- 
geous. Further components used are gelling agents, soaps, thicke- 

30 ners and vulcanizing pastes. Molded foams are processed to mat- 
tresses for example. 

Textile and leather applications are used for preserving and fi- 
nishing textiles and leather. Among the effects which may be men- 
35 tioned by way of example are the impregnation and the further 
treatment of textiles. Apart from the attractive price an advan- 
tage in the dispersions according to the invention as a component 
in textile and leather applications is their freedom from odor 
since olefins as residual monomers can be readily removed. 



Carpet backings serve to bond the carpet fibers at the back and 
they also have the task of lending the carpet the necessary 
stiffness and of uniformly distributing additives such as flame- 
proofing agents and antistatics. Apart from their attractive 
45 price an advantage of the dispersions according to the invention 
is their lack of sensitivity to common additives. In particular, 
the polyethylene dispersions according to the invention have pro- 
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of the comparative complex used Na + [Ni (phenyl ) ( triphenylphosp- 
hane) (K 2 P,0 (diphenylphosphino) C (S0 3 _ ) =C (-0) (4-methylphenyl) ] is 
described in WO 01/44325. 

5 Example 1 

16 mg of complex lid were dissolved at 20 to 25 °C (room 
temperature) under an atmosphere of argon in 5 ml of toluene (> 
99.8 wt.%, Aldrich-Chemie) und 1 ml of n-hexadecane (> 99 wt.%, 

10 Aldrich-Chemie) while stirring. After this, at room temperature 
under an atmosphere of argon the organic solution obtained is 
stirred into an aqueous solution consisting of 100 ml of degassed 
and deionized water and 0.5 g of sodium dodecylsulf ate (> 98 
wt.%, Aldrich-Chemie) with formation of an emulsion. By treatment 

15 with an ultrasonic head (Bandelin HD 2200 with KE76 head, 120 
watts, for 10 minutes) an oil-in-water emulsion was obtained 
whose average droplet size determined by the principle of quasie- 
lastic dynamic light scattering amounted to 200 nm. This oil-in- 
water emulsion was then sucked by means of partial vacuum into a 

20 250 ml steel autoclave. This was then pressurized at 3 0 °C while 
stirring (500 s" 1 , mechanical stirrer) with 45 bar ethylene. After 
an hour the stirrer was switched off, the autoclave vented to at- 
mospheric pressure and the liquid reaction mixture filtered 
through a 45 nm filter. The coagulate content of the reaction 

25 mixture amounted to 1 wt.%. 

The solids content was determined by keeping approx. 1 g of fil- 
tered aqueous polymer dispersion in an open aluminum crucible ha- 
ving an internal diameter of approx. 3 cm in a drying cabinet at 
30 100 °C and 10 mbar (absolute) until its weight was constant. The 
aqueous dispersion obtained was stable for several weeks and du- 
ring this time exhibited no phase separation, settling or coagu- 
late formation whatsoever. 

35 The average particle diameter of the polymer particles was deter- 
mined by dynamic light scattering of a 0.005 to 0.01 wt.% aqueous 
dispersion at 23 °C by means of an Autosizer IIC from Malvern In- 
struments, England. The average diameter from the cumulant eva- 
luation (cumulant z-average) of the measured autocorrelation 

40 function (ISO standard 13321) amounted to 330 nm. 

The average molecular weight was determined by means of gel 
permeation chromatography (DIN 55672, 1 , 2 , 4-trichlorbenzene, 140 
°C) . M w was 320,000 g/mol and M w /M n was found to be 2.3. The poly- 
45 ethylene had a melting point of 120 °C and was 50 % crystalline. 
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Comparative example 

20 mg of Na + [Ni (phenyl ) ( triphenylphosphane) (k 2 P,0 (di-phenylphosp- 
hino)C(S0 3 -) =C(-0) (4-methylphenyl) ] were dissolved at room 
5 temperature and under an atmosphere of argon in 95 ml of degassed 
and deionized water containing 0.5 g of sodium dodecylsulf ate in 
solution . 

In a second container 3.5 mg of acetylacetonato-bis (ethylene) rho- 
10 dium(I) (prepared as specified by R. Cramer, Inorg. Synth., 1974, 
15, pages 14-18) were dissolved in 5 ml of acetone likewise at 
room temperature and under an atmosphere of argon. 

Under a protective atmosphere of gas the rhodium complex solution 
15 in acetone was first of all sucked into a 250 ml steel autoclave 
followed by the aqueous nickel complex solution. After this, at 
30 °C while stirring (500 s" 1 , mechanical stirrer) the system is 
pressurized with 45 bar ethylene. After an hour the stirrer was 
switched off, the autoclave vented to atmospheric pressure and 
20 the liquid reaction mixture filtered through a 45 um filter to de- 
termine the coagulate content. The coagulate content of the 
reaction mixture was 1 wt.%. The solids content of the resultant 
polyethylene dispersion amounted to 5 wt.%. The average polymer 
particle size was determined as 300 run. The average molecular 
25 weight M w of the polyethylene obtained was 3,000 g/mol and Mw/M n 
was determined as 3.1. No melting point for the polyethylene ob- 
tained could be identified by means of DSC. 



30 



35 



40 



45 



